Enteric Viruses in Ready-to-Eat Packaged Leafy Greens
To the Editor: Fresh produce increasingly has been implicated in viral disease outbreaks (1) . In some instances, lettuce was contaminated before wholesale distribution (1) . Enteric viruses can be introduced in the fi eld if produce is exposed to human waste. Processed and packaged produce can be contaminated if equipment or wash water is not effectively sanitized. Fewer than 10 infectious viral particles are suffi cient to cause disease (2) , and these organisms are resistant to disinfectants at concentrations that reduce bacterial levels (3) . Contamination of fresh produce could pose a health risk to humans because fresh produce is eaten raw. High levels of viral contamination can result in large outbreaks, but intermittent contamination of fresh produce accounts for some sporadic cases of norovirus and rotavirus gastroenteritis.
During April 27-November 23, 2009, we performed viral testing on 328 samples of packaged leafy greens (representing 12-14 different lots from 3-6 companies per week; no samples were taken on weeks with a statutory holiday) for norovirus or rotavirus RNA. Packaged leafy greens were purchased from retail stores in southern Ontario, Canada. Shipments maintained an average temperature of 3.8°C during transit to the testing laboratory. Each 25-g sample was spiked with 10 6 PFU of feline calicivirus (FCV) as a sample process control (4). Virus was concentrated by using an adsorption-elution-ultrafi ltration fi ltration protocol (4) .
Recovery of FCV was quantifi ed from an RNA standard curve. FCV process control recovery was <0.01% for 55 (17%) samples. Recovery of >0.01% of the FCV was observed for the remaining 273 (83%) samples. Two samples from which FCV was not recovered were positive for norovirus (CE-V-09-0138) and rotavirus (CE-V-09-0129); they were considered true positive results.
Of these 275 samples, 148 (54%) were positive for norovirus by realtime reverse transcription-PCR (RT-PCR) (5), and 1 (0.4%) was positive for rotavirus group A by RT-PCR (6). To confi rm detection of norovirus RNA, we amplifi ed a second norovirus target by RT-PCR of region C (5). Only 40 samples (15% of total) produced a band of the expected size for this second norovirus amplicon. Of these 40 amplicons, only 16 (6% of total) could be sequenced to confi rm norovirus RNA. The rotavirus-positive sample was confi rmed by sequencing.
For some sample dates, multiple lots were positive; for others, no positive samples were identifi ed (Figure) . Multiple detections on the same date were not caused by cross-contamination; partial capsid sequencing showed different genetic types on dates when multiple samples were positive (Figure) . Results were positive from 5 different brands, and no organic samples were confi rmed positive for enteric virus contamination. Of the 16 norovirus strains confi rmed, 13 belonged to genogroup I (GI) and 3 to genogroup II (GII) (Figure) . All were strain types known to be human pathogens. The group A rotavirus was not subtyped; group A rotaviruses can be human or animal pathogens.
Most noroviruses detected belonged to GI. Previous reports indicate that GI norovirus are more frequently identifi ed in foodborne or waterborne outbreaks; GII.4 noroviruses are more common in large outbreaks spread person to person (7). Identifi cation of GI norovirus is consistent with occasional contamination of produce or wash water. Disinfectants and sanitation agents are used in wash water at low concentrations, at which they have limited effi cacy against norovirus (3). Washing and disinfecting produce before eating it can reduce the risk for infection by reducing the viral load by 10-to 1,000-fold (8). The median level of confi rmed contamination in this study was ≈500 RNA copies for norovirus (range 1.4 copies to 9 × 10 6 copies).
A limitation of our fi ndings is the inability to determine the association between molecular detection results and infectious virus. No outbreaks were related to the sequences detected here. There is no routine cell culture system for the laboratory growth of human norovirus. Genomic RNA can persist after the virus has been inactivated (9). The new ViroNet Canada network, which went online in April 2010, will monitor strains detected in leafy greens and other food products together with strains from community outbreaks to identify outbreaks linked to contaminated foods.
Our comprehensive surveillance study identifi ed norovirus and rotavirus contamination of packaged leafy greens. We detected noroviruses on 6% and rotavirus on 0.4% of lots tested from retail markets in southern Ontario. Packages with confi rmed positive samples were both imported into Canada and had been conventionally grown. Noroviruses have a low infectious dose (2) , and detection of viral RNA is associated with human health risk in oysters, another commodity that is eaten raw (10). Our results suggest a possible risk for foodborne transmission of norovirus and rotavirus from packaged leafy greens. In Response: The report by Mattison et al. about detection of noroviruses in 6% of ready-to-eat packaged leafy greens sampled in Ontario, Canada, suggests that these products could be vehicles for widespread dissemination of norovirus (1). As they suggest, this fi nding should lead to studies evaluating the potential risk from such contamination. In particular, prospective attempts to identify whether these strains may be associated with community outbreaks are necessary. However, the primary norovirus genotype identifi ed in the leafy greens samples (GI) is not the norovirus that has primarily caused human illness in recent years (GII).
Ready-to-eat packaged leafy greens are widely eaten. One third of respondents to the 2002 FoodNet Population Survey reported eating prepackaged salad in the week before interview (2) . In the absence of evidence linking this contamination to norovirus outbreaks, it is premature for consumers to change how they handle or eat ready-to-eat packaged leafy greens.
The authors provide data on the apparent viral loads they observed and cite data to suggest that washing and disinfecting produce before eating it could reduce viral loads below the level of an infectious dose. However, the Food and Drug Administration does not recommend rewashing prewashed produce and does not recommend washing fresh produce with soap, detergent, or commercial produce washes (3) . Because the products sampled in the study by Mattison et al. were prewashed, whether washing them would further reduce viral loads is not clear. In addition, rewashing ready-toeat produce creates a potential risk for cross-contamination of the produce in consumers' kitchens. Soap, detergents, or sanitizers could leave potentially harmful residues if rewashed produce is not thoroughly rinsed. These potential risks need to be weighed against the uncertain potential benefi ts of rewashing ready-to-eat packaged leafy greens. Given the ubiquity of these products, any change in recommended handling practices could have farreaching consequences.
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